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The Quantitative Determination of 3-oxo-Bile Acids
W. T. Beher, PhD,* G. J. Lin, MS,** J. Sanfield, BS,** and S. Stradnieks**

A new method for the rapid quantification of 3-oxo-bile
acids has been developed. From 5 to 120 pg ofoxo-acid in
aqueous or ethanolic media are reduced with sodium
borohydride. The resulting 3a- and 3^hydroxy acids are
then oxidized in a reaction catalyzed by 3-hydroxysteroid
dehydrogenase, during which nicotinamide adenine dinucleotide (NAD) is reduced to NADH. The absorbance of
the reaction mixture is determined at 340 nm and is directly
proportional to the amount of 3-oxo-acid in the original
sample. The method is fully compatible with that used in
determining 3a-hydroxy-bile acids.

* Director, Lipid Metabolism Laboratory, Henry Eord Hospital
** Lipid Metabolism Laboratory
Address reprint requests to Dr, Beher, 3093 Education and Research Center,
Henry Eord Hospital, 2799 W Grand Blvd, Detroit, M l 48202

Introduction
X h e 3-oxo-5/8-cholan-24-oic acids (3-oxo-bile acids) are a
group of substances produced by bile acid metabolism in
the gastrointestinal tract of animals and found in feces and
portal blood.^ Their quantitative determination is therefore
important in studies of bile acid and cholesterol
metabolism.
One of the most widely used methods for the rapid quantitative determination of bile acids involves the oxidation of
their 3a-hydroxyl groups in a reaction catalyzed by 3hydroxysteroid dehydrogenase.^'^ Unfortunately, this
method cannot be used for determination of 3-oxo-bile
acids since the functional group at position 3 ofthe steroid
nucleus is already oxidized. In the past, the only practical
approach to quantification of small amounts of 3-oxo-bile
acids was gas-liquid chromatography." This method, although very accurate, is time-consuming, since it involves
the preparation of derivatives prior to assay.
We have developed a rapid new method for the assay of 3oxo-bile acids which can be applied to large numbers of
samples. The principle of the method is: 3-oxo-5/3-cholan-24-oic acids are reduced to 3a- and 3/8-hydroxy-5/3cholan-24-oic acids using sodium borohydride. The hydroxy-bile acids are then oxidized to 3-oxo-acids in a
reaction catalyzed by 3 a - and 3jS-hydroxysteroid dehydrogenases. Nicotinamide adenine dinucleotide (NAD)
accepts hydrogen and is reduced to N A D H , while hydrazine
traps 3-oxo-acids and forces the reaction to completion. The
amount of N A D H formed is directly proportional on a oneto-one molar basis to the amount of 3-oxo-5/S-cholan-24oic acid originally present. The concentration of NADH is
determined by reading the absorbance of the reaction
mixture at 340 nm.
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Materials
General

available (Sigma Chemical Co., St. Louis, MO). 10 mgof
this material is dissolved in 10 ml of pyrophosphate buffer
just before use.

All chemicals used in the determinations were reagent
grade. All solvents were distilled before use.

These solutions contain both 3a- and 3/3-hydroxysteroid
dehydrogenase in varying proportions.

Reagents and materials used in bile acid determination
1. Bile acids
Conjugated bile salts were purchased from Calbiochem,
San Diego, CA. They were reagent grade and were
checked for purity by thin-layer chromatography. If impurities were found, the salts were purified by preparative
thin-layer chromatography using silica gel G-coated
plates (E. Merck, Darmstadt, F.R.G.), developed with
chloroform:methanol:acetic acid:water 130:50:4:8 (v/v).
Free bile acids, including most oxo-acids, were purchased from Steraloids, Inc., Wilton, N H . 6a-hydroxy3-oxo-5/3-cholan-24-oic; 7a-hydroxy-3-oxo-5/3-cholan24-oic; 12a-hydroxy-3-oxo-5;S-cholan-24-oic; and 7a,
12a-dihydroxy-3-oxo-5/3-cholan-24-oic acids were synthesized as outlined below. All acids were checked for
purity, and if impure, were purified by preparative thinlayer chromatography using silica gel G-coated plates
developed with ethyl acetate:isooctane: acetic acid
10:10:2 (v/v).
2. j8-nicotinamide adenine dinucleotide (NAD) solution
45 mg of NAD (Sigma Chemical Co., St. Louis, M O ) is
dissolved in 100 ml of distilled water.
3. Pyrophosphate buffer (0.1 M, pH 10)
Pyrophosphate buffer is prepared by dissolving44.61 gof
sodium pyrophosphate decahydrate in 900 ml of distilled
water. The pH ofthe solution is adjusted to 10 by careful
addition of 0.1 M hydrochloric acid. The buffer is then
diluted to one liter with water.
4. Hydrazine hydrate solution
12.5 g of hydrazine monohydrate (64% in water) is
diluted to 90 ml with pyrophosphate buffer. The pH of
the solution is adjusted to 10 wffh 6 M hydrochloric acid
and then diluted to 100 ml with pyrophosphate buffer.
5. 3-hydroxysteroid dehydrogenase solution (3HSD)
100 mg of dried Pseudomonas testosteroni cells (Sigma
Chemical Co., St. Louis, M O ) are homogenized for five
minutes together with 10 ml of pyrophosphate buffer at 4°
C. The resulting homogenate is transferred to a high
speed centrifuge tube and centrifuged at 50,000 g for 30
minutes. The supernatant solution is decanted into a test
tube and stored in an ice bath until used. Alternately,
dried extracts of Pseudomonas testosteroni are also

6. Sodium borohydride solutions
18 mg of sodium borohydride (Sigma Chemical Co., St
Louis, MO) are dissolved in 10 ml of pyrophosphate
buffer (aqueous solution) or 10 ml of absolute ethanol
(ethanolic solution). These solutions are unstable and
must be prepared just before use.
7. Standard cholic acid solutions
18 mg of chromatographically pure cholic acid are
dissolved in either 100 ml of pyrophospate buffer or
ethanol. These solutions contain 0.44 p moles of cholic
acid per ml.

Methods
Synthesis of 3-oxo-5/3-cholan-24-oic acids
One gram ofthe 3a-hydroxy5^-cholan-24-oic acid, corresponding to the desired 3-oxo-5/3-cholan-24-oic acid, dissolved in 50 ml of 0.1 M pH 10 pyrophosphate buffer, 2.5 g
of NAD dissolved in 100 ml of pyrophosphate buffer, and 5 g
of hydrazine hydrate dissolved in 40 ml of pyrophosphate
buffer are placed in a liter Erienmeyerfiask. 700 mgof crude
desiccated Pseudomonas testosteroni cells are homogenized in 70 ml of pyrophosphate buffer. The resulting
suspension is centrifuged for 30 minutes at 50,000 g. The
supernatant containing 3-hydroxysteroid dehydrogenase is
added tothe flask. 140 ml of pyrophosphate buffer are added
and the contents of the flask mixed. A small aliquot of the
solution is removed and its optical density determined at
340 nm to check for reduced NAD, resulting from the
oxidation ofthe 3a-hydroxyl groupof the bile acid. The flask
and its contents are then incubated with shaking in a 37° C
water bath. Small aliquots ofthe solution are removed at 15
minute intervals and their optical density determined at 340
nm. When there is no further increase in the optical density,
the flask is removed from the incubator and the pH of its
contents adjusted to 1 using 12 M hydrochloric acid. The
solution is then transferred to a separatory funnel and
extracted four times with two volumes of ethyl ether. The
extract which contains the hydrazone of the 3-oxo-5^cholan-24-oic acid is evaporated to dryness. The hydrazone
is suspended in 100 ml of 2 M hydrochloric acid and
refluxed for 30 minutes. The suspension is cooled, transferred to a separatory funnel, and extracted four times with
three volumes of ethyl ether. The ether extract containing
the 3-oxo-5/8-cholan-24-oic acid is evaporated to dryness.

3-oxo Bile Acids

The crude acid is dissolved in chloroform:methanol 2:1
(v/v) and purified via preparative thin-layer chromatography using plates coated with silica gel G and developed with
ethyl acetate:isooctane:acetic acid 10:10:2 (v/v). The final
products are chromatographically pure. Overall, yields
averaged from 50% to 60%.

solutions (1, above). Free and conjugated 3-hydroxy-bile
acids (ethanolic and aqueous) were also determined by
the same procedures. Although the reduction step is not
needed to determine these acids, it was necessary to
make sure that borohydride reduction is compatible with
their determination.

Quantitative determination of free and conjugated 3oxo-5^-cholan-24-oic acids
1. Aqueous bile acid solutions
0.2 ml of aqueous sodium borohydride is added to 10 x
100 mm screw-capped or glass-stoppered test tubes,
each containing 0.5 ml of pyrophosphate buffer solutions
of bile acids (5 to 12 ^ig), to four blank tubes each
containing 0.5 ml of pyrophosphate buffer only, and to
three tubes each containing 0.5 ml of standard cholic
acid (aqueous). The tubes are allowed to stand for one
hour at room temperature. 0.2 ml of 12 M hydrochloric
acid is then added to each tube, and they are placed in a
hot water bath to destroy excess sodium borohydride.
After 10-15 minutes, 0.4 ml of 6 M sodium hydroxide is
added to each tube to neutralize excess hydrochloric
acid. It is well to check the pH (test paper)of the first few
tubes following alkali addition to make sure thatthey are
slightly basic. If not, a small adjustment in the volume of
alkali may be necessary. Exact pH adjustment is unnecessary at this point, however, since solutions containing
pyrophosphate buffer are added at later stages in the
procedure. Next, 1 ml of NAD solution, 1.2 ml of
hydrazine hydrate solution, and 0.3 ml of 3-hydroxysteroid dehydrogenase solution are added. The tubes are
thoroughly mixed and placed in a water bath maintained
at 37° C for 30 minutes. Exact timing of the samples is
unnecessary since the reaction is essentially complete in
30 minutes, and after that time the absorbance of the
solutions does not change appreciably for over an hour.
After incubation, the absorbance of the solutions is
determined at 340 nm.

Results and Discussion
The results in Table I show that the p M absorbance (at 340
nm) ofeach bile acid is essentially the same at 20 and at 90
pg, regardless of whether the reduction was effected in
aqueous or ethanolic solution. Since the amount of NADH
formed from all of the steroids in the 3HSD-catalyzed
oxidation is one to one on a molar basis, the data show that
the absorbance (which is due to NADH) is directly proportional to the concentration of bile acid, i.e., Beer's law is
followed, and the method is accurate in each case. Actually,
the range of the method is greater than indicated in the
Table. As little as 5 p g and as much as 120 ^tg ofeach ofthe
bile acids can be determined. 3-oxo-5/3-cholan-24-oic acid
was not included in the Table because of low solubility.

2. Ethanolic bile acid solutions
0.2 ml of ethanolic sodium borohydride is added to 10 x
100 mm screw-capped or glass-stoppered test tubes,
each containing 0.5 ml of ethanol solutions of bile acids
(5 to 12 jLig), to four blank tubes containing ethanol, and
to three tubes containing 0.5 ml of standard cholic acid
(ethanolic). The tubes are allowed to stand for one hour at
room temperature and are then evaporated to dryness
using air or nitrogen and a boiling water bath. When dry,
the content of each tube is dissolved in 0.5 ml of
pyrophosphate buffer. 0.2 ml of 12 M hydrochloric acid
is added to each tube, and they are placed in a hot water
bath to destroy excess sodium borohydride. The balance
of the procedure is the same as for aqueous bile acid
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0,30
3-0X0-5y3-CH0LAN-24-0IC ACID
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0.40

Flg.1
The relationship of the absorbance at 340 nm (1 cm path) of the reaction
products of bile acids, 3-HSD, NAD and hydrazine hydrate in a 3.8 ml
total volume and the bile acid ^iM concentration.
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TABLE I
D e t e r m i n a t i o n of Free a n d C o n j u g a t e d 3cK-Hydroxy- a n d 3-oxo-5/3-Cholan-24-oic A c i d s in A q u e o u s a n d E t h a n o l i c S o l u t i o n
p,M A b s o r b a n c e *
-5/3-cholan-24-oic acid

iu,g Acid
20

90

Aqueous

Ethanolic

Aqueous

Ethanolic

3,6-dioxo-

1.43+0.02**

1.44±0.02

6Q;-hydroxy-3-oxo

1.44±0.01
1.39±0.03
1.42±0.05

1.44±0.03
1.40±0.04
1.43±0.06

7a-hyd roxy-3-oxo12Q;-hydroxy-3-oxo7a, 12Q:-d 1 hyd roxy-3-oxo3a,7Q:-dihydroxy3a,12a-dihydroxy-

1.43±0.01
1.47±0.05
1.43±0.02
1.43±0.04
1.45±0.01

1.45±0.04

1.43 ±0.06
1.41+0,03
1.42±0,03
1.46±0.05
1.43±0,02
1,39±0.04
1.42±0.02
1.44±0.05
1.42±0.03

1.43±0.06

3,12-dioxo
3,7,12-trioxo-

3Q:,7c«,12ct-trihydroxy-

1.40±0.05

-N-(Carboxymethyl)-amide of
3a,7a-di hydro xy3a,12o:-dihydroxy7a-hyd roxy-3-oxo3a,7a,12a-trihydroxy-N-(2-Sulfo-ethyl)-amide of
3a,7a-dlhydroxy3a,12a-dihydroxy3a,7a, 12a-tri hyd roxy3,7,12-trloxo-

1.44±0.03
1.43±0.02
1.42±0.04
1.39±0.03

1.45±0.04
1,41 ±0.01
1.46±0.05
1.39±0.04

1.46±0.03
1.42±0.02
1.45±0.04
1.43±0.02
1.39±0.05

1.42±0.03
1.39+0.04
1.43±0.03
1.42±0,04
1,44±0.04
1.41 ±0,05
1.43±0.06
1,44±0.05

1.39±0.05

1.40±0,03

1.44±0,01
1,42±0,02

1.44±0.03
1.46±0.04

1.45±0.05
1.43±0,04

1,44±0.03
1.39±0.01

1.45±0.05
1.39±0.05

1.43±0.05
1.41 ±0.02

1.44±0.02
1.39±0.04
1.45±0,02

1.43±0.02
1.39±0.04
1.44±0.02

1.46±0.05
1.41 ±0.04
1.43±0.04

1.40+0.03

1.39±0.05

1.40 ±0.02

• The absorbance at 340 nm (1 cm path) ofthe reaction products o f l juMof acid, 3-HSD, N A D and hydrazine hydrate ina 3.8 ml total volume.
' Standard deviation (6 determinations).

However, as expected, its absorbance follows Beer's law in
the 5 to 50 p g range. Since the standard deviations of the p M
absorbance values in Table I are small, the method is
precise. The relationship of absorbance at 340 nm and the
p M concentration ofeach ofthe bile acids is shown in Fig. 1.

gel is added to a solution containing 3-oxo-acids and
reduction and quantification effected, recoveries are satisfactory. This probably means that borohydride reduction
does not take place ifthe acids are adsorbed on silica gel,
since it has been shown that 3HSD catalyzed oxidation of
bile acids adsorbed on silica gel G is quantitative.^

When borohydride reduction is effected in ethanol, it is
importantto evaporate the solvent before removing excess
borohydride. When we attempted to destroy excess borohydride using hydrochloric acid or acetone before evaporating ethanol, the recoveries were very poor, due to bile
acid loss and/or the presence of highly colored reaction
products. Evaporation of ethanol before borohydride removal prevented these difficulties.

Borohydride reduction ofthe 3-oxo-group is very rapid. 0.3
mgof sodium borohydride iscapableof reducing60/agof 3oxo-acid in less than 30 minutes. 6- and 7-oxo groups are
also easily reduced. 12-oxo groups, however, are very
slowly reduced, since as much as 48 hours are required to
effect complete reduction of the 12-oxo group of 3,7,12trioxo-5^-cholan-24-oic acid.

Studies in our laboratories have shown that 3-oxo-bile acids
separated by thin-layer chromatography on silica gel G can
be determined bythis procedure. However, itis importantto
elute the separated acids from the gel prior to borohydride
reduction. Attempts at reduction without prior removal of
silica gel C resulted in poor recoveries. Interestingly, if silica

The time for complete reduction of the oxo groups has
considerable practical importance in fecal bile acid analysis
since it has been shown^ that oxo acids are destroyed to a
great extent duringthe hydrolysis stepof this determination.
If these acids could be reduced before hydrolysis, it is
reasonable to expect that total fecal bile acid recoveries
would be improved.

3-oxo Bile Acids
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